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Fig. 1. (color online) XRD spectra of four samples:
(a) 650 °C-3 h and 650 °C-8 h, inset shows the
enlarged spectra of the strongest peak of ZnOj; (b)
700 °C-3 h and 700 °C-8 h.
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Fig. 2. (color online) (a) XPS spectrum of 650 °C-3 h

sample; (b) XPS spectra of Ga 2p of Ga-doped ZnO

films.

®1 AR Ga & EML S 6
Table 1. Ga content and binding energy of Ga-doped
ZnO films.

Ff

650 °C-3 h 650 °C-8 h 700 °C-3 h 700 °C-8 h

#iife/eV 11184 1118.7 1118.56  1118.37

4B /at%  6.16 2.5 15.68 15.55
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T, Ga & 5 17 ZnO f#& 8L, E15 ZnO i h
) Gats BN, 741, ZnGagOy AT ik /b
MR E LK) Ga s A ZnO .
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Fig. 3. (color online) PL spectra of Ga-doped ZnO films:

(a) 650 °C-3 h and 650 °C-8 h; (b) 700 °C-3 h and

700 °C-8 h, inset shows PL spectrum of ZnO grown di-

rectly by thermal oxidation of ZnS at 700 °C-3 h.
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Fig. 4. Iyv/Ivis ratio as a function of Ga doping content.
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{H & 3B R RSE A —, 45 @ s BB AR. 5
4b, 700 °C-8 hii R I AEK TV 2 —4Eg K4S
), X DX A 5 T o A s A A5 B (290 X T
72 700 °C-8 hif A ZnO B 1) AT W't R S 48 58 1)

g bl WL, Gats 45 ZnO #EJE 1) 45 & R R A7
FEAH G, JF 8 I o5 A 1 M 1) 445 5 Jo B 5 0 L PL
PERE. BEEREANIRETH S, GaB 2R &N, ZnO
Ve IS T R RS 3 K HL R o 1 —, 45 TR
35, Tuv/Ivis [EIK. B AR E K, Ga
IEEAC, ZnO W45 5 & N, Tuv/Ivis 18
/.

N T IRNHEFE Ga 15 2% % ZnO 8 5 Gk [ R4k
b b sz, S DU ZHARFE ZnO I XPS 433
H1 O 1s % RO LT UEREAT T RE R, T
13 o PRI HEAT 1 e, JFHE T ZnO W
IOEASa s 4=

B 6 2 DU H AKX FF ZnO B (1 O 1s U K 43 Ui
gE IR T Bl A il kN S I N 28 (2
MR IK). ZnO MO 1sU§E ] LLAr A 5 % A g
(530.35 eV£0.3 eV) AL (531.31 eV £0.3 eV),
W B 48 (532.25 eV + 0.3 V) =it BO, 4
K6 AR, SA IR SEIE &4, ZnO MR
O 1s U H B T fb ks S | 78 o7 4R 06 R R 4.

(c)

(e)

1 pm

K5 (a) 650 °C-3 h, (b) 650 °C-8 h, (c) 700 °C-3 h, (d) 700 °C-8 h VU4 #E ZnO 5 1 % i SEM &,

(e) 700 °C-3 hiRFf ZnGaz04 ) SEM K

Fig. 5. Surface SEM images of (a) 650 °C-3 h, (b) 650 °C-8 h, (c¢) 700 °C-3 h, (d) 700 °C-8 h Ga-doped
ZnO films; (e) SEM image of ZnGaO4 of 700 °C-3 h sample.
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Fig. 6. (color online) Curve-fitting XPS spectra of O 1 s in Ga-doped ZnO films: (a) 650 °C-3 h; (b) 650 °C-8 h;
(c) 700 °C-3 h; (d) 700 °C-8 h.
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Fig. 7. Relative intensity of oxygen vacancy as a func-

tion of Ga doping content.

B 7 D4R 2 A X i B (23 A R UG S o A
ISR EELL) B Ga B BB SR M2k, w7 By
I, R AL A N 5 BE Ga 5 4% B0 i img BEAK, 569
Ga B 80Ul 7800, XA HT Ga—O e
T Zn—O 8 fE, Gadt 3 A ZnO §h A% BUAR Zn2t

FEAE G AR, T T AR s e g 7 A ),
# 2 R ZnO W) Zn, O &, A
iR BT, GaB k&N, Zn/O LW KT 1748
FNTF L EREAE R, BT R E S R ER
By TR AR 25 A AR AL, 4% 1) ZnO R 2 H LA
AL BRI PR AR I, b E R AR, IRAE
S RME 5l N2 R AE B30 BT ZnO
WL ERNEERN2.76—2.43 oV, IR EHALNES
B TR ZoO ARAEERFEREL BY, B TS AL
(1.62 V) EEEI B (2.9 eV), T REAF1E I BREE IS B
AL (3.06 €V). 74k, HTHAEE Gabi%E T ZnS
FENCR I, AERE IR E T B BN 28 R FEAK T 40
JE, W REr AL T . BRIk, e
HEN 650 °CH, Ga BRI, Zn/O LR T 1,
ZnO A ARG LUEERIBR (2.9 eV) A4 AL
(1.6 eV) N E, AT OGRS NEOER . HEAIR

F£2 JUAAFF ZnO HIEM Zn, O A&
Table 2. Content of Zn and O of Ga-doped ZnO films.

FE bl
650 °C-3 h 650 °C-8 h 700 °C-3 h 700 °C-8 h
g S & /at.% 30.75 27.97 26.17 33.48
iR fat. % 32.74 43.66 24.06 27.31
ZnO it (Zn/0) 1.06 1.56 0.92 0.82
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LI K BEE AL TR E K, Ga B 2% & R AR,
ZnO FEREHT R AME 5 AT HOEHRE L. R, $2
i Ga 15 4 A RN 1 ZnO MR S A7, 21
T 7 InOWFET R, S 1R AR T 4 A
BETRZM T LA PL L RE.
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Abstract

ZnO has a wide direct band gap of 3.37 eV and a large exciton binding energy of 60 meV at room temperature, which
is recognized as one of the promising semiconductors for optoelectronic device applications. However, ZnO generally
displays visible defect-related deep-level emission and/or UV near-band-edge emission, which is strongly dependent on
the growth method and condition. It has been reported that doping with IITA elements can improve the optical properties
of ZnO. Among them, Ga doping is considered not to induce large lattice distortion of ZnO due to the fact that the
bonding lengths of Ga—O and Zn—O are similar and ionic radii of Ga®** and Zn?" are also similar. The gallium
related compounds such as triethylgallium, gallium nitrate and gallium oxide are used as the Ga doping sources. It
has been proved that ZnO film can be grown directly by the thermal oxidation of ZnS substrate. In this research, the
Ga doping is adopted in the growth of ZnO film by applying the molten gallium to the surface of ZnS substrate and
performing the subsequent thermal oxidation in the air at 650 and 700 °C for 3 and 8 h, respectively. The effects of
growth condition on the microstructures and photoluminescence properties of the Ga-doped ZnO film are investigated
by X-ray diffraction, scanning electron microscopy, X-ray photoelectron spectroscopy, and photoluminescence at room
temperature. In addition, the relationship among the oxidation temperature, oxidation time, Ga doping content and
photoluminescence properties is discussed. The results show that the Ga-doped ZnO films grown under different growth
conditions exhibit various amounts of Ga content and the gallium is present in the ZnO matrix as Ga*" by partially
substituting Zn®". The Ga doping affects the microstructure and photoluminescence property by changing the defect
type and level, stoichiometric ratio, and crystal quality of ZnO film. As the oxidation temperature increases, the amount
of Ga doping content increases. In addition, the grain size of the Ga-doped ZnO film increases and becomes uniform,
and the ratio of ultraviolet emission intensity to visible emission intensity increases. However, as the oxidation time
increases, the amount of Ga doping content decreases, the grain size of the Ga-doped ZnO film becomes non-uniform,

and the ratio of ultraviolet emission intensity to visible emission intensity decreases.
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